We report on a case of a solid adamantinomatous variant of craniopharyngioma located entirely within the third ventricle causing asymmetric obstructive hydrocephalus in a 43-year-old male patient. The patient complaints included intermittent severe headache and progressive bilateral visual field loss. Initially, the lesion was accessed via the bifrontal interhemispheric translamina terminalis approach but total removal was not possible due to short anterior communicating artery which limited the exposure. In the second stage, we used the right interhemispheric transcallosal transforaminal approach and achieved total tumor removal followed by microscopic third ventriculostomy. The present article discusses the selection of appropriate surgical approach based on concise literature review that provides favorable surgical management of these rare lesions.
INTRODUCTION
Craniopharyngiomas account for 2% to 4% of intracranial neoplasms. However, the purely intraventricular variant is rare. 1 Craniopharyngioma usually grow on the cisternal surface of the hypothalamic region. It can also grow from the infundibulum or tuber cinereum on the floor of the third ventricle, developing exclusively into the third ventricle. 2 These lesions are difficult to treat and the management options are individualized for each patient. 3 
CASE REPORT
We report a case of a 43-year- Fig. 2A) . We used meticulous microsurgical dissection to debulk the tumor mass, followed by extracapsular dissection. The tumor was removed in a piecemeal fashion and gross total resection was achieved. The lesion was most adherent to the region of tuber cinereum. At the end of the procedure, we also conducted microscopic third ventriculostomy to shunt the CSF flow to the interpeduncular cistern ( Fig. 2A-B) . The histological examination was consistent with adamantinomatous variant of craniopharyngioma (Fig. 3) .
Postoperatively 
DISCUSSION
The craniopharyngioma originates from squamous epithelial remnants of the Rathke's pouch. 1 The localization of the tumor is determined by the embryological development of the suprasellar region. 2 The pars tuberalis, while developing from the ventral portion of the Rathke's pouch, rotates to come in contact with the neuroectodermal layer of the ventral cerebral vesicle from which later develops the infundibulum and the third ventricular floor. The pial membrane, originating from the mesoderm, normally intervenes between the stomodeum and the cerebral vesicles by the fifth week of gestation before the rotation of pars tuberalis. Thus, it excludes the Rathke's pouch cells from the subpial space. A craniopharyngioma evolving from these cells remains extra-pial. Depending upon the extent of rotation of the pars tuberalis, it can be located in the vicinity of the hypothalamic floor, the pituitary stalk or the posterior pituitary lobe respectively. If the development of the pial membrane is delayed, the Rathke's pouch cells come directly in contact with the former and become implanted within the neuroectoderm of the developing cerebral vesicle. A tumor arising from cells in this location, therefore, develops into a purely intraventricular craniopharyngioma. 1, 4 Our case supports this theory because the tumor was most adherent to the region of tuber cinereum, a fact also observed by other authors. 1, 5, 6 As in our patient, the intra-ventricular craniopharyngiomas usually present at an older age. 7 Analysis of neuroimaging data is of great importance for appropriate preoperative planning. The typical MRI features of intraventricular craniopharyngioma include intact third ventricular floor, patent suprasellar cistern, normal pituitary stalk and absence of sellar abnormality. Calcification observed in 50% to 80% of the suprasellar craniopharyngiomas is rare in the intraventricular variety. 1, 8 As also noted by us, solid tumors may show a more heterogeneous intensity pattern. 1 Despite excellent overall survival rates, craniopharyngioma survivors have substantially reduced quality of life because of significant long-term sequelae, notably severe obesity in about 50% of patients and higher rate of cardiovascular mortality. 9 Gain of weight was also observed in our case. The patient received substitution therapy for diabetes insipidus and hypocortisolemia that were still present 10 months postoperatively. Sughrue et al. reported that patients with gross-total tumor removal had over 2.5 times the rate of developing at least one endocrinopathy compared to patients receiving subtotal tumor removal. 10 The two main surgical approaches for pure intraventricular craniopharyngiomas are the translamina terminalis and the transventricular surgical corridors.
The translamina terminalis corridor using subfrontal, pterional, or basal interhemispheric approach has been used to treat suprasellar or intraventricular craniopharyngiomas. [11] [12] [13] [14] Although this route is appropriate for accessing tumors in the inferior part of the third ventricle, it is not suitable for removal of large lesions. 14,15 Initially, we employed bifrontal interhemispheric translamina terminalis approach but due to large tumor size, anatomical limitations and fixed microsurgical angle that provided narrow and deep surgical corridor only partial tumor debulking was achieved. The interhemispheric approach is an ideal procedure to access tumors located in the suprasellar region, the anterior third ventricle and the basal cisterns. Some authors have proposed the splitting of the AComA in cases with large lesions to maximize tumor exposure [16] [17] [18] , but it has only rarely been practiced 19 . We did not divided the AComA because in our case the artery was too short to accommodate the placement of mini clips. Moreover, intentional AComA splitting may cause damage to perforating branches which can act as the main feeders of the infundibulum, optic chiasm and anterior hypothalamus. [19] [20] [21] In addition, the utilization of the translamina terminalis approach places the optic pathway, columns of fornix, supraoptic nuclei, organ vasculosum, and tuber cinereum at risk because of retraction injury or perforator damage. 1,2,22 However, Maira et al. consider that translamina terminalis route is a valid choice for the removal of purely intraventricular craniopharyngiomas without significant surgical-related sequelae. 2 On a second stage, we performed right interhemispheric transcallosal transforaminal approach that allowed access to the third ventricle with minimal brain retraction. This route to the third ventricle is well tolerated and relatively easy to perform, but the operative distance is greater than in the basal approaches. Damage to the columns of fornix may cause memory deficits, and injury to the veins of the superficial or deep venous systems may give rise to venous infarction. 1 We have chosen the right-sided surgical corridor because the right foramen of Monro was considerably enlarged by the tumor itself. (Fig. 1A, 1C; Fig.  2A ). This approach provided us with excellent multi-angled microsurgical control of the dissection plane between the tumor and the ependymal surface during removal. In this way, we avoided the main disadvantage of the translamina terminalis route, which provides access to the third ventricle through a small opening and a very deep surgical corridor despite it offers early control to the tuber cinereum area. This approach was previously employed by Fukushima et al. who performed the same staged procedure. 23 In case the tumor is located predominantly in the body of the third ventricle, the transcallosal approach may be combined with the subchoroidal or the interfornicial approach to access the third ventricle with high efficacy and safety. 3, 24 Yano et al. combined interhemispheric transcallosal approach assisted by flexible endoscope for successful tumor removal. They pointed out that this procedure is a safe option for removing third ventricular tumors, especially in cases with hydrocephalus. 14 We consider that microscopic or endoscopic third ventriculostomy following total tumor removal could provide avoidance of shunt placement for cases with associated hydrocephalus as presented here.
CONCLUSION
Transcallosal transforaminal approach combined with microscopic third ventriculostomy can be successfully employed for the removal of large purely intraventricular craniophryngiomas associated with obstructive hydrocephalus. We recommend that large tumor size and anticipated solid consistency in combination with short anterior communicating artery should favor the selection of transventricular surgical approach. Thorough preoperative assessment of data from neuroimaging studies, including cerebral angiography, is crucial in such cases.
